A 1-year experiment was conducted to determine the role of the pineal gland in the seasonal sexual, antler development and feeding patterns of deer. Three mature male whitetailed deer were pinealectomized. These animals along with four normal bucks were housed in individual outdoor pens. Blood samples were drawn bi-weekly and analyzed for calcium and phosphorus, alkaline phosphatase, and total androgens. Changes in antler growth, pelage, body weight and feed consumption were recorded.
INTRODUCTION
The annual cycle of antler growth in deer is controlled by changes in daylength. In the northern latitudes, deer begin their antler growth in the spring, with increasing daylength, and rub the velvet from their antlers in the early fall, with decreasing daylength. The period of antler growth and calcification coincides with the sexual maturation of deer and corresponds to increasing levels of circulating testosterone (Mazur, 1973; McMillin et al., 1974; Mirachi et al., 1975) . Deer living near the equator, where seasonal daylength changes are slight, tend to be asynchronous in both their ander and sexual cycles.
Further evidence for the photoperiod control of antler growth has come from artificial light studies. A number of investigators have shown that by merely altering daylength, one cannot only start and stop the antler cycle at will, but one can prolong or even preclude antler development (Jaczewski, 1954; French et al., 1956; Goss, 1963 Goss, , 1969a Goss, ,b, 1970 .
The key to understanding the photoperiod control of the antler cycle is to determine the link between changing daylength and the deer's endocrine system. The pineal gland has been implicated as this link. The pineal has been shown to produce an anti-gonadal hormone, melatonin, in the absence of light (Wurtman et al., 1968) . Mazur (1973) pinealectomized male deer and altered the antler and pelage cycles. His results, however, were varied and inconclusive.
This study was undertaken to determine the effect of ablation of the pineal on the antler cycle of deer. Both pinealectomized and intact 5control animals were observed for a period of 1 JOURNAL OF ANIMAL SCIENCE, Vol. 47, No. 2, 1978 year. Data were recorded on antler growth characteristics, feed consumption and body weight changes, and circulating androgen levels.
EXPERIMENTAL PROCEDURE
Surgical ablation of the pineal gland was performed on three mature male white-tailed deer (Odocoileus virginianus) using procedures developed by J. F. Kavanaugh (personal communication) . Surgical ablation of the pineal gland was confirmed histologically in each case. Two intact 3-year-old bucks, and two intact yearling bucks served as controls.
All animals were maintained in individual 3.0 • 7.3 m outdoor pens. Pens were partially covered and equipped with automatic waterers. Deer were fed an 18% crude protein pelleted ration, similar to that described by Ammann et a/. (1973) .
Feed intake was determined weekly and averaged for daily values. Dry matter (DM) and gross energy determinations were made on each new batch of feed (AOAC, 1965) . These values were corrected to digestible dry matter (DDM) and digestible energy (DE) by using mean values previously determined on the ration in digestion trials (Ammann et al., 1973) .
Animals were weighed bi-weekly. Metabolic body size .75 (BW kg) was calculated, and actual values were averaged to compute intake data during intervening weeks. After weighing, the animals were restrained manually, and blood samples were taken via jugular venipuncture. Blood serum samples were frozen and stored until analyzed.
The dates of velvet rubout, antler shedding, and pelage change were recorded. Once shed, the antlers were recovered for ash determination. Approximately 5 g samples were taken from the top, middle, and basal third of each antler and combusted at 1,000 C for 48 hr in a muffle furnace. The three samples from each antler then were averaged for comparisons among animals.
Blood samples were analyzed for calcium and phosphorus on a dual channel autoanalyzer. Alkaline phosphatase activity was measured by a commercial kit s utilizing a colori- Serum androgens were measured by the method described by Lucas and Abraham (1972) and Abraham (personal communication) . No attempt was made to separate 5 ~-dihydrotestosterone from the testosterone since Mazur (1973) and McMillin et al. (1974) found negligible amounts of the former steroid in deer serum. Also, the dihydrotestosterone present should be included in the assay since this steroid has androgenic properties similar to those of testosterone (James and Rippin, 1973) .
To begin the extraction procedure, .02 ml of 1,2,6,7 -3 H testosterone (New England Nuclear, specific activity 85-105 Ci/mM) were added to 16X 150 mm siliconized test tubes. This isotope was used to measure extraction losses. The serum vials were thawed and vortexed, and samples of .02 ml were added to duplicate extraction tubes. After equilibration for 30 min at room temperature, the tubes were placed in an ice bath and 10 ml of cold anhydrous ether were added. The tubes were vortexed for 1 rain and then frozen in a dry ice and methanol bath. The ether layer was decanted into siliconized counting vials and evaporated under nitrogen. Then 1.5 ml of gelatin-phosphate buffer were added to each vial, and the vials were left to equilibrate at room temperature for 2 hours.
Siliconized 10 x 75 mm test tubes were used for the assay phase of the procedure. After equilibration, .5 ml of the androgen-buffer solution was transferred from the counting vials to duplicate assay tubes. Then .1 ml of 1,2,5,7 -3 H testosterone was added to the tubes followed by .1 ml of diluted (1:50) antiserum (S-741~) prepared by Abraham 6. The remaining androgen-buffer solution in the counting vials was vortexed with 10 ml of dioxanetoluene scintillation cocktail. All tubes and vials were then refrigerated overnight at 4 C.
The following mornip.g, .2 ml of charcoaldextran solution was added to each tube. The tubes were incubated for 20 min in an ice bath and then centrifuged at 1,000 g for 10 minutes. The supernatant containing the bound androgens was transferred to counting vials and 10 ml of scintillation cocktail were added. The recovery and assay vials were vortexed and counted for 5 min in a liquid scintillation counter.
Standards ranging from 1 to 1,000 pg of testosterone were run with each assay. The standard counts (cpm) were expressed as a percent of the added 1,2,5,7 -3H testosterone which was bound by the antisera. The standard curve consisted of the percent testosterone bound plotted against the log of the testosterone concentration. The counts of the duplicate samples were read from the curve as picograms of androgen. The recovery counts were calculated as a percent of the original isotope counts added. These recovery counts then were used to correct each individual unknown sample for extraction losses.
Weekly In a related experiment, a pair of twin buck fawns were born in June, 1975. At 6 months of age, deer 655 was pinealectomized, while deer 656 was sham operated. While these deer were observed for antler and pelage changes, no intake data or blood samples were taken.
RESULTS AND DISCUSSION
The results of this experiment are tabulated in table 1. Daily feed DM intake was lower in the control animals than in the pinealectomized animals. However, since no data have been published previously on the effect of pinealectomy on feed intake in ruminants, these results should be interpreted cautiously. The yearly cycle of feed consumption in male white-tailed bucks has been studied extensively (Long et al., 1965) . Generally, the bucks eat heavily in late summer but voluntarily reduce to a near starvation intake at the onset of rut and continue on low intake throughout the winter. Figure 1 depicts the daily DM intake of the control and pinealectomized groups. There is a noticeably sharp drop in the DM consumption of both groups in late August and early September. This sort of late summer decline in consumption is not normal in white-tailed deer. It does, however, correspond to a drop in metabolic body size of both groups during those weeks (figure 2). These decreases may be attributed to the fact that all of the animals were transported to a new deer research facility the third week in August, and apparently the deer required 2 or 3 weeks to adjust to their new environment.
There was no difference in metabolic body .
-
75 size (BW'kg), daily DDM mtake/BW'kg, or DE intake/BW-7g s between the two groups of animals. Differences in DM consumption, therefore, were not significant when digestibility and metabolic body size were considered.
The results of the bi-weekly blood sample analysis also are listed in table 1. Differences in blood calcium and phosphorus levels were not significant. As expected, there were no seasonal changes in the blood calcium or phosphorus levels. Homeostatic mechanisms keep these values at relatively constant levels throughout the year in male deer (Graham et al., 1962; Wetzel, 1968) .
Alkaline phosphatase generally is associated with bone metabolism. Graham et al. (1962) measured the activity of this enzyme in the serum of bucks and found it to increase five-fold in late summer. Since amputation of the antler decreases circulating levels of alkaline phosphatase, it has been suggested that the antler is the source of this enzyme in the blood (Kuhlman et al., 1963) . This is not necessarily a valid assumption since amputation of the antler cancels the need for mobilization of skeletal mineral and possibly the need for alkaline phosphatase at skeletal sites.
The serum levels of alkaline phosphatase activity are depicted in figure 3 . Over the year, the enzyme levels of the normal deer were greater than those of the pinealectomized bucks. It should be noted that the alkaline phosphatase activity of the control animals peaked only in early summer when the antlers were in soft velvet, rather than later, when the antlers were calcifying. The alkaline phosphatase activity of the pinealectomized bucks fluctuated more and was without significant peaks.
Probably the most interesting result of this experiment was the change in serum androgen levels of the two groups. Since the pineal's product, melatonin, is known to have an anti-gonadal effect, it is believed that pinealectomy should have a stimulating effect on the testes. This in fact was the effect in mice and rats (Wurtman et al., 1968) . Pinealectomy of ewes, however, had no effect on their reproductive cycle (Roche et al., 1970 ). Mazur's (1973) report on pinealectomy of deer showed some animals with normal androgen levels, some with decreased androgen titers, and some with constant androgen levels over the antler growing period.
The androgen titers of the control and ablated groups are depicted in figure 4. As expected, the androgens of the control animals increased over the summer to peak in late November during the rutting period. This is similar to the trends found in white-tailed deer by Mazur (1973 ), McMillin et al. (1974 and Mirarchi et al. (1975) . All three of these investigators used radioimmunoassays to measure circulating androgen levels. However, each of these investigations was only partially complete. Mazur (1973) , while working with a large number of deer, sampled his animals only during five points in the antler cycle. He did not know what the androgen levels were between his sampling periods. His values ranged The data in figure 4 shows a minimum mean titer of andogens at the end of May of 1.93 ng/ml for the normal deer and a peak mean of 11.55 ng/ml at the end of November for these animals. The pinealectomized bucks followed a similar, but lower, curve. The peak mean titer for the ablated deer was 7.54 ng/ml at the end of November and a minimum of 1.19 ng/ml at the end of May. These values coincided with the high and low values of the control animals. Table 2 shows the dates of antler and pelage change in the individual animals. Since the exact date that the antlers begin to grow is difficult to determine, these data are not recorded. The mean Julian rubout date of the control animals was abnormally late for normal white-tailed deer in this re#on and may have been caused by the trauma of moving to the new facilities. The serum androgen titers for these animals during rubout was between 4.5 and 6.0 ng/ml. The serum androgen titers for the pinealectomized deer during the rubout period was between 4.6 and 6.0 ng/ml during this period. It is possible then that this level of circulating androgens is necessary for rubout in all deer and that the pinealectomized bucks were delayed in their rubout due to a lower titer of circulating androgens.
The mean Julian date of antler shedding for the control animals was normal for deer in this region. Their blood androgen titers were between 3.5 and 4.0 ng/ml during shedding. The pinealectomized bucks shed their antlers earlier, and their blood androgens during this period were also between 3.5 and 4.0 ng/ml. Little significance can be ascribed to these data since both groups of animals had similar androgen levels from January through March.
Antler ash values did not vary between the groups of animals.
The dates of pelage change must, of necessity, be subjective. An animal was said to be in full winter coat when no red hair could be seen on its body and in full summer coat when no grey hair could be seen. The control animals and the pinealectomized bucks attained their winter coats during the same period. The control deer returned to their summer coats earlier than the ablated animals. The latter bucks were quite variable in attaining their summer coats, and one maintained its winter coat throughout the summer. Another pinealectomized buck not involved in this experiment, maintained a winter coat continuously for 3 years after pinealectomy. Overall, the pinealectomy of mature whitetailed bucks did not have dramatic effects on the antler and feeding cycles of these deer. It is possible that the effects of the ablation not immediately evident could be expressed two or more seasons after the surgery. This was the finding of Hebert (1972) in his studies with the estrous periods of pinealectomized ferrets. It is also possible that once the annual cycle of ander growth and feed consumption is entrained to the environmental light cycles, the pineal ceases to exert a major function and only modifies the pattern. Further evidence of this possibility was provided by the twin fawns which were ablated and sham operated at 6 months of age. As yearlings, both animals developed antlers, but while the sham operated deer shed its anders in January, the pinealectomized deer did not shed its antlers until mid June. The former deer had a normal pelage change and the latter had a winter coat well into the summer.
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